A synthetic progestogen (altrenogest) was fed to 24 Yorkshire • Duroc boars to determine effects on body growth, serum testosterone, and testicular characteristics. Boars from six litters (blocks) were allotted randomly to one of four treatment groups at 12 wk of age. Treatment groups were: (1) controls, (2) altrenogest fed for 3 wk, (3) altrenogest fed for 6 wk and (4) altrenogest fed for 9 wk. Treatment began at 15 wk of age at a daily dose of 20 mg.boar -1 . Although there were no differences among treatment groups for gain and feed intake, boars fed altrenogest for 6 and 9 wk tended to consume more feed and were less (P<.05) efficient than boars fed altrenogest for 3 wk or controls. Boars fed altrenogest for 3, 6 and 9 wk maintained lower (P<.05) peripheral serum testosterone concentrations than controls from 15 to 24 wk of age. However, serum testosterone increased after altrenogest withdrawal in the 3-and 6-wk treatment groups but did not reach control concentrations by 24 wk. Boars fed altrenogest for 9 wk maintained serum testosterone below 1 ng/ml during the treatment period. Despite lower concentrations of serum testosterone in altrenogest-treated boars, backfat thickness was similar to controls, perhaps suggesting a slight anabolie effect of altrenogest on nutrient partitioning. Testicular weights and volumes at 24 wk decreased (P<.O01) linearly with increased duration of altrenogest feeding. Serum testosterone and estradiol in testicular venous effluent at castration were lower (P<.01)in altrenogest-treated boars than in controls. These data demonstrate that feeding altrenogest inhibits both testicular growth and steroidogenesis of boars without altering body growth or backfat thickness.
Introduction
It is recognized generally that feeding intact males rather than castrates enhances muscling and leanness of the carcass, and increases efficiency of producing lean muscle (Prescott and Lamming, 1964; Desmoulin and Bonneau, 1979) . However, feeding boars for meat production has been limited in most areas of the tContribution No. 85-337-J, Kansas Agr. Exp. Sta., Manhattan 66506.
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4 Reprint requests. s Dept. of Anita. Sci. and Ind. Received March 25, 1985. Accepted July 16, 1985. world because of: (1) possible indiscriminate mating of developing gilts, (2) objectionable odors or boar "taint" in the fat and meat, (3) male aggressiveness during the finishing phase and (4) traditional acceptance of finished barrows by consumers and meat packers (Robertson, 1966) . Several of these factors are related primarily to an increase in serum testosterone concentration that occurs at about 105 to 120 d of age, or just before puberty (Colenbrander et al., 1978; Ford, 1982; Allrich et al., 1982) . Therefore, if testosterone secretion could be suppressed for approximately 1 to 2 too, boars possibly could reach market weight (100 kg) before onset of the undesirable male characteristics described above. Progesterone reduced testosterone-dependent male sexual behavior in ring doves (Erickson et al., 1967) , pigeons (Murton et al., 1969) , guinea pigs (Diamond, 1966) , mice (Erpino, 1973) and gerbils (Griffo and Lee, 1973) . Busch et al. (1979) desexualizing effect on boars. The majority of those boars had a reduction of 50t-androstenone (major steroid responsible for boar "taint") in meat and fat, and were classified acceptable for market. Altrenogest, another synthetic progestogen, is being investigated currently for use in pigs for estrous synchronization, and may be available to swine producers in the future. Altrenogest suppressed luteinizing hormone (LH) surges (Redmer and Day, 1981) and ovarian follicular development (Guthrie and Bolt, 1982) , while estrus was synchronized after withdrawal of altrenogest from gilts and sows (Webel, 1978; Day, 1984) . Therefore, altrenogest may have the potential to produce castration-like effects in boars by reducing testicular secretion of testosterone through suppression of LH release without altering advantages of boars for lean muscle growth. The objective of our study was to determine the effects of feeding altrenogest on body growth, serum testosterone and testicular characteristics of boars.
Materials and Methods
Experimental Design. Crossbred boars (Yorkshire x Duroc) born in March 1984 were weaned at about 3 wk of age and placed in an environmentally controlled nursery. A pelleted complete diet (18% protein; 1.25% lysine) was provided ad libitum for 2 wk. For the remainder of the study, a medicated, 18% protein (.95% lysine) milo-soybean diet fortified with vitamins and minerals that met or exceeded all NRC (1979) recommendations was fed. At approximately 12 wk of age, boars were moved into a modified open-front facility with solid concrete floors. Intact males of similar weights (n = 24) were selected from six litters and were blocked by litter with one boar from each litter assigned randomly to one of four treatment groups at 12 wk of age. Treatment groups included: 1) controls, 2) altrenogest for 3 wk (15 through 17 wk of age), 3) altrenogest for 6 wk (15 through 21 wk) and 4) altrenogest for 9 wk (15 through 24 wk). The dose of altrenogest fed was 20 mg'boar -i'd -1. The 20-mg daffy dose was chosen because a similar dose was adequate to inhibit estrus in postpubertal gilts s Ultrasonic Scanaprobe, IthaCo, Ithaca, NY. ~Obtained from Dr. G. D. Niswender, Colorado State Univ.
8 New England Nuclear, Boston, MA. (Kraeling et al., 1981) . Boars were separated into arbitrary heavy and light weight groups and assigned randomly within treatment to pens (4.6 • 1.2 m) with three boars.pen -1 and two pens~ -1 for the duration of the study.
Boars were provided free access to feed during the treatment period, except daily from 0800 to 1600 h. At approximately 1530 h, pens were cleaned and 1.35 kg feed containing 60 mg altrenogest in 15 ml soybean oil, or the control diet containing only 15 ml soybean oil, was spread on pen floors away from pen sprinklers in an area of 2.5 m 2 to provide equal access to feed by all three boars. Any feed remaining on the floor (<5%) after 30 min was added to feeder bowls and ad libitum feed was made accessible to boars. After termination of the 6-wk treatment (22 wk of age), altrenogest was mixed into the feed for ad libitum intake from 22 through 24 wk in the 9-wk treatment group. Altrenogest was provided at 20 mg" boar -1 "d -1 based on the estimated daily feed consumption during the previous 2-wk period. Sprinklers were activated when ambient temperature exceeded 29 C.
Measurements. Feed consumption of boars
per pen and individual body weight were assessed biweekly to determine average daily feed intake, daily gain and feed conversion until 24 wk of age. Blood was collected via puncture of the anterior vena cava at biweekly intervals between 0800 and 1030 h to monitor serum testosterone concentrations. Backfat was determined ultrasonically 6 at the first rib, last rib and last lumbar vertebra, prior to castration at 24 wk of age. Boars received 1 to 1.5 ml (im) of a commercial tranquilizer (.4 mg fentenyl and 20 mg droperidiol m1-1) 20 min before being anesthetized with 1 to 1.5 g sodium thiamylal.
Testes were removed and blood collected from a spermatic cord vein to quantitate serum concentrations of testosterone and estradiol-17~. Testicular weight and volume (by water displacement) were determined.
Serum testosterone and estradiol were measured by radioimmunoassays validated in our laboratory. Rabbit anti-testosterone (#250) 7 was utilized at a titer of 1:20,000 to achieve about 45% binding of the labelled testosterone (1, 2, 6, 7 -3H-testosterone s). Specificity of this antiserum for testosterone was reported by Gay and Kerlan (1978) . Serum (100/~1) was extracted with ethyl acetate (79% recovery). When 100,200 or 400 pg testosterone (n = 4 each) were added to boar serum, 111, 222 or 424 pg were recovered, respectively (r = 98). Serum curves paralleled standard testosterone 9 curves (T-1500 in 95% ethanol). Variable volumes (n = 4 each) of boar serum (50, 100 and 150 #1) assayed 5.2, 4.4 and 4 ng/ml, respectively. Assay sensitivity was 17 pg/tube and coefficient of variation of two assays was 11.8% (within) and 11% (between).
Serum estradiol-173 was quantitated in a single assay using antiserum (Estradiol-6, #3) donated by Dr. N. R. Mason 1~ Antiserum specificity was tested against estradiol-17c~, estrone, estriol, testosterone, and androstenedione at 50% binding inhibition of the labelled estradiol (2, 4, 6, 7-3H-estradiol-17311) and cross-reactivity was nil (<.001). Recovery of tritiated-estradiol after two extractions of 1 ml serum with 10 volumes of ethyl acetate was 75%. Addition of 25, 50 or 100 pg estradiol-173 to 1 ml boar serum yielded 28, 49, and 97 pg (r = .98). Parallelism existed between boar serum (.3, .5, .75, 1 and 1.5 ml) and standard estradiol 9 curves (E-8875 in 95% ethanol). Assay sensitivity was 5 pg/tube and the intra-assay coefficient of variation was 9.8%.
Statistical Analyses. Data were analyzed as a randomized complete-block experiment including treatment, litter, pen and all two-way interactions using Procedure GLM (SAS, 1979) . Pen was used as the experimental unit for growth and feed intake characteristics. Biweekly testosterone concentrations were analyzed using a pseudo split-plot analysis for repeated measurements (Gill, 1978) . Treatment effects for biweekly testosterone concentrations were tested by the boar-within-treatment mean square. Preplanned orthogonal contrasts and orthogonal polynomials (linear) were used to characterize and separate treatment means where applicable.
Results
Boars averaged 44 kg at the beginning of the study (15 wk of age) and 92.7 kg when castrated at 24 wk of age (table 1) . No difference in daily gain was observed during any of the 2-wk periods or during the entire treatment period. Although average daily feed intake was similar 9 Sigma, St. Louis, MO. 10 Eli Lilly and Co., Indianapolis, IN. tl Amersham, Chicago, IL. among groups, boars fed altrenogest for 6 and 9 wk tended to consume more feed and were less (P<.05) efficient than boars fed altrenogest for 3 wk or controls. Estimated daily feed intake varied from 2.3 -+ .2 to 2.7 -+ .3 kg when measured at biweekly intervals during the treatment period. In addition, treatment had no effect on average backfat thickness.
Testicular traits were affected markedly by treatment (table 1). All treatments were different (P<.05) from controls for testicular weight and volume. Testicular weight and volume declined (P<.001) linearly as duration of altrenogest feeding increased. For every week increase in altrenogest feeding, testicular weight declined (P<.001) 31.7 g (t3 = -31.7 + 7) and testicular volume declined (P<.001) 29.7 cm 3 (3 = -29.7 + 6). As expected, testes weight (as a percentage of body weight) declined (P<.05) in a similar manner.
Serum testosterone concentrations in blood collected on alternate weeks from 12 to 24 wk of age are illustrated in figure 1. Testosterone concentrations for altrenogest boars were lower (P<.05) 1 wk after initiation of treatment (16 wk of age) than controls. Results indicate that boars fed altrenogest for 3 wk had a delay of about 4 wk in the rise of serum testosterone concentration compared with the earlier rise in controls. Boars fed altrenogest for 6 wk had a similar delay (6 wk) compared with controls. Serum testosterone in boars fed altrenogest for 9 wk never exceeded 1 ng/ml. There were significant treatment differences as well as treatment x week interactions (P<.001) for serum testosterone concentrations. Because this study was designed to be terminated when boars reached 24 wk of age, or near market weight, changes in serum testosterone were not obtainable from the 9-wk boars during altrenogest withdrawal. Serum concentrations of testosterone and estradiol-17/3 from a spermatic cord vein at castration were decreased (P<.05) by altrenogest treatment (table 2) . However, there were no differences for either steroid among groups fed altrenogest.
Discussion
Our data demonstrate that feeding a synthetic progestogen (altrenogest) for 3, 6 or 9 wk will prevent the rise in testosterone and estradiol (Allrich et al., 1982) associated with sexual development in growing boars. Increasing concentrations of serum testosterone were bu!trasonically determined at 24 wk of age prior to final weight.
CMeasured by water displacement.
dLinear decrease (P<.001).
eDifferent from control (P<.05).
observed from about 16 to 24 wk for control boars (figure 1). This increase was delayed by feeding ahrenogest for 3 or 6 wk and was inhibited completely in boars fed ahrenogest continuously for 9 wk. Serum testosterone concentrations for all treated groups paralleled each other, but at different magnitudes during treatment. We suggest that apparent differences in serum testosterone at 12 and 14 wk of age (pretreatment) probably were unrelated to differences in stage of sexual development, because littermates were assigned randomly to treatment groups. Our data show that the rise in serum testos- Allrich et al. (1982) observed that boars produced increasing concentrations of testosterone and estradiol-17/~ from 130 to 160 d of age, and these increases in steroid concentration resulted from greater testicular sensitivity to LH (Allrich et al., 1983) . Treatment with altrenogest inhibited testicular growth (as measured by weight and volume) compared with controls. These results, as well as decreased serum testosterone, are consistent with observations made by Busch et al. (1979) using CAP, another synthetic progestogen. Duration of feeding altrenogest showed a linear negative effect for these two traits. Both testicular characteristics as well as testosterone are dependent upon anterior pituitary gonadotropins (Allrich et al., 1983) , and this would support the proposed suppressive action of progestogen on pituitary gonadotropin secretion (Webel, 1978) .
The steroidal hormone concentrations in a spermatic cord vein were much lower than expected. It was anticipated that testosterone from testicular venous samples would be greater than peripheral concentrations. Only controls and the boars fed altrenogest for 9 wk had testicular venous testosterone concentrations that were greater numerically than peripheral levels at 24 wk of age. While magnitude of testicular venous testosterone concentrations in our control boars were about one-third of those for anesthetized boars reported by Setchell et al. (1983) , testicular estrogen was nearly identical in both studies for control boars of similar ages. It is possible that the tranquilizer we administered approximately 20 min before anesthesia decreased hypothalamic luteinizing hormone-releasing hormone secretion, thereby causing decreased LH and steroid concentrations. Alternatively, there may have been a direct negative effect of the tranquilizer on testicular steroidogenesis.
Duration of altrenogest feeding had no apparent effect on gain, feed intake, or final weight at 24 wk of age. Differences in feed conversion may have occurred due to slight nonsignificant differences in feed intake and gain, because neither trait alone was different among treatments. The fact that final weights were similar despite marked differences in serum testosterone may agree with earlier work. If boars with low serum testosterone (9-wk group) are similar to castrate males (no testicular testosterone secretion), then one would expect the low testosterone group to grow faster than the intact male under ad libitum feeding (Kay and Houseman, 1975) . While similar research concluded that differences in gain between intact and castrate male pigs were not great (Teague et al., 1964; Tribble et al., 1965) , other work indicated that intacts grew faster with improved feed conversion than either castrate males or gilts at higher levels of dietary protein (Speer et al., 1957; Prescott and Lamming, 1964) . These responses suggest a sex • dietary protein interaction, as evidenced by superior growth of boars compared with barrows when fed a 18% protein (.86% lysine) diet (Williams et al., 1984) . Our diet was formulated at 18% protein (.95% lysine).
One difference observed in castrated and intact male pigs for growth and nutrient partitioning was that intact males had more muscling and leanness of carcass than castrates of comparable body weight (Prescott and Lammingl 1964; Desmoulin and Bonneau, 1979) . Boars fed altrenogest (particularly those in the 9-wk group) had low serum testosterone, but were not fatter than controls. This observation may suggest that altrenogest had enough anabolic activity to partition nutrients into lean growth rather than fat deposition. However, altrenogest may not have reduced sufficiently serum testosterone to preclude the anabolic effect of low levels of testosterone. Whether feeding altrenogest would suppress fat deposition in barrows is not known, but possible nutrient partitioning of altrenogest warrants further study.
There may be various threshold concentrations of testosterone in the growing boar responsible for anabolic growth, sexual behavior, libido, and maintenance of spermatogenesis and accessory gland function. Varying testosterone therapy in wethers produced sexual behavior without mating until concentrations of testosterone were increased (D'Occhio and Brooks, 1982) . Lower serum concentrations of testosterone may be adequate for the anabolic effect characteristic of the intact male because rams and bulls grow faster than wethers and steers prior to the pubertal rise in androgens associated with testicular maturation and puberty (Seideman, 1982) . If altrenogest has little or no anabolic effects, then low concentrations of testosterone in boars fed altrenogest for 9 wk were sufficient to prevent increased fat deposition compared with controls. Setcbell et al. (1983) reported that anesthetized boars varying from about 60 (4 mo old) to 280 kg (adult) had higher plasma concentrations of testosterone in spermatic venous and lymph vessels and rete testis fluid than in arterial blood plasma. These high levels of testosterone are probably essential for spermatogenesis, but more moderate concentrations of testosterone may be required for maintenance of the accessory sex glands, sexual behavior and libido. Altrenogest suppressed high levels of testosterone normally observed in untreated boars, while possibly maintaining sufficient testosterone concentrations for optimal growth and leaner carcass composition.
Our results suggest that feeding altrenogest to growing boars will: (1) delay or inhibit sexual development by preventing the normal rise in serum testosterone that occurs during testicular development, (2) inhibit testicular development and (3) have no effect on the body growth rate from 15 to 24 wk of age. This work indicates that boars could be fed altrenogest without affecting growth rate or backfat thickness. The possibility exists that intact males could be marketed with little or no boar "taint" due to the inhibition of testicular development and steroidogenesis. This supposition is based upon the accepted role of testicular steroids as precursors for the primary compound causing boar taint (5~-androst-16-en-3-one, Patterson, 1968; Andresen, 1975) . Further study to determine the effects of progestogen-induced delay of sexual development, as well as more data confirming these results, is needed.
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